We review UK academic and policy literature since 2008 on energy systems modelling. We find that nearly 100 models are referenced within academic literature. We propose a classification schema and define its suggested usage. The UK model landscape is considered and 22 models are classified within the schema. a r t i c l e i n f o 
Introduction
The problem of sustainable energy is naturally unique to each decision maker depending on their circumstances, which include geographical location, the sectoral coverage and available resources. Whilst the World Energy Council coined the phrase energy trilemma to describe the core challenges of sustainable energy, an on-going debate focusses around the United Nation's set 17 Sustainable Development Goals (SDGs), which replace the previous Millennium Development Goals and cover a broad range of sustainable development issues. Specifically, Goal 7 states ''Ensure access to affordable, reliable, sustainable, and modern energy for all". This issue concerns the world as a global unit, though it tends to define the political debate of energy supply in individual countries or continents. With the growing concern of Climate Change [1] , energy supply and demand has become an increasingly important issue.
Due to the increasing global demand for energy, as well as the strict emissions targets, actors within the energy system have to make complex decisions based on risk-based assessments about the future. Since the specific objectives vary amongst actors, there is a direct need for support tools which aid the decision making process around energy systems.
Owing to the complexity of the problem, scenario exercises have been developed in recent years, which can inform about possible future pathways, as well as defining and testing energy policy [2] . To aid quantification of scenario detail, especially in relation to trends and technological influence, energy systems models are often utilised. Such models simulate or explore the evolutionary response to disparate policies, which may be technological, economical or social. Accordingly, energy systems modelling is inherently inter-disciplined, involving social and geographical research as well as scientific and engineering disciplines.
The existing landscape of energy models is varied [3] [4] [5] and each model has its own unique blend of paradigms, techniques and solutions. There are several prominent models, which have been developed over many decades and which span wide topical areas. These include MARKAL (the MARKet ALlocation model) [6] and MESSAGE (Model for Energy Supply Strategy Alternatives and their General Environmental impact model) [7] , both of which have several variants aimed at increasing their functionality and applicability.
However, the total range of choices and variables in systems modelling is so vast (and sometimes disparate) that it is unlikely that one single model could (or perhaps should) incorporate them all at once. Taylor et al. acknowledge that ''UK energy modelling has been described as in need of a broader range of analytical tools" and state that the predominant tool, MARKAL, might be replaced only ''by a number of tools suited for related by different purposes" [8] . Indeed, a recent approach is to develop a ''storyline" and incorporate several models with varying focii to achieve different objectives within one framework [9] . With such approaches emerging in the decision making process in energy systems, the choice of models or tools becomes pivotal.
This paper focusses on the prevalence of energy systems models within literature in the UK. In addition, models are compared sideby-side using a classification schema developed here. This schema is designed to be used as a decision support tool, for example to aid researchers identify gaps within the modelling field or to assist the wider range of actors in selecting models to investigate specific issues or questions. The overall objective of this work is to highlight the wide diversity of models already available and support decisions.
In Section 2, we perform a literature review and identify the predominant models utilised and topics of interest within the field. In Section 3, the introduction of a classification schema is proposed, which aims to categorise existing models and a broad, but detailed, classification schema is suggested in Section 4. A subset of models used within the UK are categorised in Section 5 with information valid as of May 2015.
The model landscape
Energy systems models were first designed after the 1970s oil crisis, with an objective of maintaining energy stability. At that time, there was a negligible variable generation component and limited option for storage technologies (which existed in the form of fuel supply). Instantaneous stability of the grid came through grid inertia of synchronous plants and spinning reserve capacity.
However, with the realisation of global climate change, the emphasis of models has moved towards environmental issues, including CO 2e emissions. From a modelling perspective, this has notable consequences: the addition of variable generation (solar PV and wind sources) has cost implications (new infrastructure, demand balancing, etc.) and there are longer-term issues related to technological change within the system. These modifications to the energy system are not necessarily easily reflected in existing algorithms, which may not have been designed to cope with variable generation sources.
The rapid changes in the energy market (with emerging technologies) have not always been mirrored in somewhat bulky energy models and the models which have been adapted can seem disjointed. Added to the fact that many comprehensive models have a tendency to be opaque (sometimes referred to as intransparent) and inaccessible, the choice of models to use for specific scenarios is complex.
The full landscape of energy models accounts for the full range of actors (producers, generators, suppliers and end users), which in turn implies the inclusion of all energy sectors (electricity generation, heating, industrial usage, residential demand, transportation), economical aspects (costs, tariffs) and social aspects (policy, planning, risk, social practices/behaviours).
In addition to the broad purpose of models, there is a large set of mathematical approaches in the landscape. Models using optimisation and simulation techniques are plentiful, but are being joined by those utilising neural networks, agent-based modelling, complexity science and fuzzy theory [3, 10, 11] .
Academic literature review
In order to identify the full and complex landscape of existing models and their uses within literature, the ScienceDirect search facility was utilised to select all papers since 2008 mentioning ''energy systems model UK" (as four distinct words, not a phrase). The result of this search was over 1600 papers, though papers neither concerning the UK nor originating from the UK were removed. The product was 423 publications though the majority of these focus on energy efficiency measures (typically related to energy saving strategies within industrial buildings). The results shown in this section only relate to a subset of 110 papers, specifically related to energy systems modelling in the UK. It can be noted, however, that the main conclusions are broadly valid between both sets of publications.
The subset of 110 papers are disparate in their content and range from implementation of a single technology within the wider system context to the impact of policy decisions. Compelling reviews of the subject can be found in Allan et al. [12] , Connolly et al. [13] , Pfenninger et al. [4] , Pilvachi et al. [14] , and Strachan [15] . A review of the MARKAL model over the past 35 years is given by Taylor et al. [8] and a classification of techno-economic energy models is given in [16] .
Reviews of the application or use of particular models or tools include: UK MARKAL with reference to bioenergy [17] , hybrid modelling approaches (MARKAL-MACRO) [18] , Marginal Abatement Cost (MAC) curves [19] and multi-criteria analysis for renewable energy technologies [20] .
A whole energy systems approach has been taken by [21] [22] [23] , whilst infrastructure networks are discussed in [24] . There is a plethora of literature around necessary infrastructure for hydrogen energy: a review of hydrogen studies is found in [25] , the SHIPMod model is introduced in [26] , spatial development studies are detailed in [27, 28] , hydrogen transitions are discussed in [29] [30] [31] , the Scottish market is modelled in [32] , potential benefits are promoted in [33] and an investment-led approach is developed in [34] .
In contrast, some authors choose to focus on one or two single sectors, rather than a whole systems approach. Papers can be found which cover the oil and gas sectors [35] [36] [37] [38] , data centres [39] , the transport sector [40] [41] [42] [43] [44] [45] and domestic sector [46] [47] [48] [49] [50] [51] [52] .
Smaller scale systems analysis is undertaken for micro-grids [53, 54] and for urban or district scales [55] [56] [57] [58] [59] . The models used within these latter papers include VantagePoint, TURN and landuse transport models.
A range of long-term UK energy scenarios are presented in [60] . A review of UK and international scenarios is given in [2] , whilst [61] discusses the predictive ability of existing scenarios against actual data. The impact of scenarios on policy have been discussed in [62] . Specific pathway development is discussed in [63] [64] [65] [66] [67] . An approach for linking storylines with multiple models is proposed in [9] . Direct uncertainties are discussed in [68, 69] in relation to energy decarbonisation targets. Naturally, within this field there are a multitude of papers which discuss the design, assessment and impact of energy policy [70] [71] [72] [73] [74] [75] [76] [77] [78] . There are also publications which discuss the complexity of energy systems and possible modelling approaches [11, 79] , the importance of modelling to policy [80] and baseline ''Business as Un-Usual" calculation [81] .
The precise construction of economic formulae form the basis of one area of research in energy systems [82] [83] [84] [85] [86] [87] . For example, rebound effects are discussed in several papers [88] [89] [90] [93] .
Many different energy technologies are discussed within the complete subset of 110 papers, but specific solutions are discussed in reference to heat pumps [94] , gas-fired power plants [95] , storage solutions [96] , CCS in the North-sea [97] , wind power [98, 99] , bioenergy [100] [101] [102] and marine energy [103] .
MARKAL and MESSAGE models are heavily referenced and utilised within the subset of papers considered. However, there are also many other models being introduced including: the UK Transport Carbon Model (UKTCM) [104] , a chemical transport model CMAQ [105] , E3MG [106] , OSeMOSYS [107] , a temporal MARKAL model [108] , a mixed-integer linear programming (MILP) tool for the design of a distributed energy system [109] , the Biomass Value Chain Model (BVCM) [110] , a dynamic model of the natural gas industry [111] , modelling micro-CHP systems for domestic energy supply [112] , usage of renewable energy technologies for electricity generation [113] and a Monte Carlo model of the combined gas and electricity network [114] .
In order to identify the full list of models utilised by energy systems modellers in the UK (and their prevalence), we have surveyed the 110 papers listed above. Nearly one hundred models were cited within the papers, all with disparate aims and objectives within the modelling environment. An ordered list of the models according to prevalence in the literature is shown in Table 1 . The mean number of citations per model (the total number of citations for papers citing the model divided by the total number of papers) is also shown on the graph. This indicator provides a qualitative assessment of penetration within the literature; a low mean citation indicates low impact on the field, whereas a high mean citation count indicates a high level of penetration within the literature. For example, the BHCP model only appears once in the literature, but its high citation count indicates that the model has been promoted widely to a large audience.
It is clear that the MARKAL model (and its variants e.g. UK MAR-KAL, MARKAL-MACRO, MARKAL Elastic Demand, TIMES, SAGE) is highly used within academic literature and underpin much research of the UK energy market. A breakdown of the appearances of MARKAL and MESSAGE variants within literature is shown in Fig. 1 .
Considering the annual referencing of models since 2008, use of the MARKAL and MESSAGE models has remained relatively constant, as can be seen in Fig. 2 . It can also be seen that papers referencing MARKAL/or MESSAGE models do not form the majority of the published work. (It should be noted that literature is only included until May 2015, such that 2015 only contains 5 months.)
The sectoral coverage of literature is shown in Fig. 3 . The titles ''economic sector" and ''commercial sector" have been purposefully left exactly as they appear in the publications (despite natural overlap), in order to fully represent the literature. With interest in energy efficiency and CO 2 reduction being so high, it is perhaps unsurprising that reference to the transport and residential sectors is so prevalent. The coverage of renewable energy technologies is shown in Fig. 4 and a list of common mathematical phrases is shown in Fig. 5 .
Policy paper review
In order to understand the prevalence of energy systems modelling within UK policy papers since 2008, the following papers have been reviewed: the 2008 White Paper on Nuclear Power [115] , the 2009 Renewable Energy Strategy [116] , Electricity Market Reform (EMR) Impact Assessment [117] , the Fourth Carbon Budget [118] , the 2011 Renewable Energy Review [119] , the 2011 Energy White paper [120] , the 2012 Bioenergy Strategy paper [121] , the 2012 Gas Generation Strategy [122] and the 2013 Heating Strategy [123] .
The prevalence of energy systems models within these nine policy papers was considered independently from academic literature and the results are shown in Fig. 6 . It can immediately be noticed that the range of models is different from and considerably smaller than that in academic literature and, whilst only nine papers are considered, the predominant model is still MARKAL and its variants. Only one policy document refers directly to the Redpoint Energy System Optimisation Model (RESOM) by name [123] , all Number of Appearances of the policy papers refer to externally commissioned modelling performed by Redpoint energy. We can therefore infer that RESOM is a highly utilised model within UK governmental research. Two papers (2011 Energy White paper and EMR Impact Assessment) do not mention any specific modelling tool used, but refer to Redpoint modelling.
The need for a uniform classification schema
In the previous section, we have shown that only a select few models are routinely used for energy systems modelling in the UK. Whilst some excellent reviews already exist, it is still very difficult to differentiate between models (especially across separate review papers) and for all energy actors to understand the basis for each model. In order to encourage wider usage of a broad range of models, it is necessary to describe each model in clear detail and to classify the objectives and structure. It could also be prudent in future to have this information in one location (for a dynamic source of information, this could take the form of a website). This approach allows for subsequent users to identify the potential application of each model and to choose accordingly.
In order to make the landscape of models more transparent, we propose the design and implementation of a single classification schema, which would encompass a wide range of factors relevant to energy modelling. This schema could then be utilised by a broad audience in deciding whether the right tools exist and then which combination of tools to use. Over the past two decades, many categorisation theories have been suggested [124] [125] [126] [127] [128] [129] , though none has been adopted as good practise. Due to the vast numbers of models, any single categorisation is somewhat arbitrary, though categorisation can be invaluable for selecting the appropriate tool for a given problem. Indeed, incorrect application of a tool or opaque modelling (where the detail of the model is not fully available) can lead to misinterpretation of outputs, which can have lasting (and possibly expensive) consequences (for example, see [130] ).
In the next section, we propose a single, consistent schema, which attempts to draw together the most pertinent information in an accessible manner. The intention is threefold:
1. When presenting new models, developers should define these fields in early literature and in documentation (ideally in clear tables), such that a clear and accurate representation is made. 2. When writing up research which employs an energy model, these fields should be defined, such that a fuller understanding of the results and outputs can be gained (especially when the model used has been modified for the research project). 3. New literature reviews referring to energy models should follow this guidance when comparing models (ideally in tabular format), such that consistency in the literature is maintained.
There are a few common approaches to categorisation of models into general themes. The prevalent strategy taken in much existing literature for model classification is to define the analytical approach of a model (e.g. ''top-down" or ''bottom-up"), the methodology (e.g. simulation or optimisation) and the mathematical approach (type of programming techniques utilised). For example, the phrase (or paraphrase) ''MARKAL is a widelyapplied bottom-up, dynamic, linear programming optimisation model" is widely used (e.g. [131] [132] [133] ) (for examples of other common mathematical jargon used in the literature see Fig. 5 ). However, it has been accepted in the UK that such phraseology, whilst neither inappropriate nor problematic, was not likely to be understood by the non-academic actors interacting with this research [134] . Therefore, the field can appear opaque to nonspecialists. The description and information given about models is crucial to a wide audience (i.e. all actors within energy systems). Indeed, it is often the model's purpose, structure and implicit assumptions that are the pertinent information. Without clear (and understandable) descriptions of model objectives and detail, it remains complicated for policy makers to decide on relevant tools to use for certain exercises. This might be concluded from Table 1 , in which use of the majority of models appear to be limited. Of course, it can also be argued that these same models have narrow focii and are therefore inapplicable to more general modelling requirements.
A proposed classification schema
In this paper, classification schemes are merged from various sources [3, [135] [136] [137] [138] , with an intention of finding a broad set of categories that attempts to differentiate between models. The schema suggested here comprises 14 categories, which account for the purpose, structure, approach, mathematical and technological detail. This schema is purposefully not comprehensive to the point of completeness; some categories have not been included, as will be discussed in Section 4.4. Some developers/authors will wish to add further detail to the schema. However, it is strongly recommended that the fields proposed in this paper are included, in order to achieve consistent comparison across the model landscape. In this way, future literature on energy systems modelling will become more readily transparent and the use of a wider range of models should increase, where relevant.
The proposed classification scheme is shown in three separate tables detailing (a) the model purpose and structure in Table 2 , (b) the technological detail in Table 3 and (c) the mathematical detail in Table 4 . Where they are not readily apparent, some details of the classification structure will be highlighted in the following subsections.
Classification: purpose

The model purpose
The justification of developing energy systems models is to answer specific questions which will lead to practical decision making. The final aim can be to investigate any aspect of multidisciplinary energy systems. For example, models can be used to examine:
interactions across the energy system, possible pathways to decarbonisation, the impacts of (sometimes competing) policy goals and objectives, costs associated with certain energy scenarios.
Within the set of existing models, it is necessary to separate general purposes from specific ones.
The general purpose may be one of (a) forecasting, (b) exploring and (c) backcasting.
The specific purpose field is aimed to be descriptive and considers the aspects on which the model itself focusses. This is the main field which can aid general differentiation between model objectives.
The model structure
Energy systems models can be described by their underlying structure and their implicit assumptions. This field aims to clarify the fundamental basis of the model, clearly accounting for the assumptions and model design. Each developer decides on the assumptions that will be implicitly coded into the model (internal assumptions) and those that will be left to the user to input (external assumptions). Hourcade et al. [128] defined four characterisations of this classification (as shown in Table 2 ), though each of these dimensions allows for a somewhat arbitrary ranking (i.e. ''more" or ''less"). Hourcade et al. lists some external assumptions that may be made, which include population growth, economic growth, energy demand, energy supply, price and income elasticities of energy demand, existing tax system and tax recycling.
Some economic variables within models are determined by the model itself (endogenous) or are assumed to be determined by factors outside of the model (exogenous). The assumptions made at this point can be crucial when deciding on which tool to use. As an example, over a given time period, the costs associated with one specific technology can either be input as time-series data or alternatively the learning curve can be implicitly modelled within Energy demand must be satisfied at all times. User defined CO 2 e emissions targets are met. Production and consumption of energy must balance, allowing for transmission, storage and losses. Energy system must satisfy certain other constraints (e.g. sufficient capacity to meet peak demand for electricity and heat, capacity to sustain generation during sustained periods of low variational generation). Technological links can be specified by users and respected by the model (e.g. enough suitable rooftops for roof-mounted solar PV installations).
Additionally, models typically calculate either supply or demand outputs and it is appropriate to clarify exogenous inputs. Such detail should be included in this field of the classification.
Sectoral coverage
The inclusion of sectoral coverage is crucial for users to appreciate the main ingredients of the model. This field discerns between whole energy systems models and single sector (or multi-sector) models, for example.
The time horizon and time step
Due to the different modelling techniques, no explicit definition of the time horizon exists within existing classification. It is possible to arbitrarily define a time frame to be: The time step is sometimes hard-coded within models, but at other times it can be defined as a variable input by the user. This field should give detail accordingly.
Classification: Technological detail
The second part of the classification schema focusses on the technological detail contained within the model ( Table 3 ). The detail shown in the table is meant only for indicative purposes and is purposefully not comprehensive. Some energy models use internal databases to model specific technologies (with given parameters and limited user interaction), whilst others are flexible to new inputs (users may even define modules to define new technologies). Therefore, this section of the schema is useful to define the type of technologies allowed by the models.
The technological detail is split into 5 sections: renewable technologies, storage technologies, demand characteristics, costs and supply/demand detail. The choice of these sections was made on the basis of prevalent usage in the literature (i.e. the top-cited sectors are transport and residential), as well as expected future research priorities (papers regularly cite renewable technologies It should also be noted that the level of granularity within this table reflects the high-interdependency between supply and demand within these sectors (particularly residential). It should be noted however that, whilst commercial and industrial sectors (including agriculture) are highly energy intensive, energy efficiency strategies are usually implemented as cost savings measures and therefore exhibit less interdependency. Further breakdown of the demand characteristic may be included as required.
For simple models, these sections could be combined in one detailed field. Adding more distinct fields is not recommended, since this could diminish the clarity of the schema.
Classification: mathematical approach
The third section of the classification schema defines the mathematical approach of the energy model. For some users, this information may be irrelevant (e.g. some policy makers, who do not need to understand the inner mathematical basis), however it could be crucial for other users wanting to understand the working mechanism of the model, since it depicts the complexity of the approach. It also differentiates between a focus on economics and/or technologies (via the analytical approach).
The analytical approach
In energy systems modelling, the analytical approach can be generalised into three main groups:
Top-down models Generally focus on behavioural realism with focus on macro-economic metrics. They use historically derived variables to analyse aggregate behaviours and are useful for studying economy-wide responses to policies and other drivers. Sometimes referred to the pessimistic economic paradigm [139] . Bottom-up models Focus on the system level and may incorporate a wider range of policy options. They are technologically explicit and are useful for studying specific technical opportunities and can include cost and emissions implications. Bottomup models typically rely on significant historic data. Sometimes referred to the optimistic engineering paradigm [139] .
Hybrid models Introduce moderate technological detail within a macro-economic approach. These can be either of two forms: (1) a coupling of existing bottom-up and top-down models (''soft-linked") or (2) a single integrated model which blends features of both top-down and bottom-up models (''hardlinked").
Notably, top-down models tend to be more pessimistic than bottom-up models about the costs of energy policies, but it can also be argued that bottom-up models are overly optimistic [139] . The gap between the baseline results of the two approaches is often attributed to the difference in input (exogenous) assumptions: bottom-up models focus on energy and technology issues, ignoring consumer preferences and potential hidden costs, whilst top-down models often over estimate the future cost of lowcarbon technologies. Some models can be considered to belong in either (both) top-down or bottom-up categories, depending on their specific usage, whilst hybrid models aim to bridge the differences between the approaches. Comparisons between the difference in top-down and bottom-up approaches (with specific reference to climate change policies) are detailed by van Vuuren et al. [140] . Some of the major strengths and weaknesses of topdown and bottom-up approaches are highlighted in Scrieciu et al. [141] .
As with some other of the classification categories, a model may not fit into any of these three groups, leading to a categorisation of ''other".
The underlying methodology
This section will focus on the common methodologies found in the literature. This list is by no means definitive; due to expanding computational ability, novel approaches are always being designed, which may impact on the state-of-the-art energy systems models.
Econometric Models Econometrics is defined as ''applying statistical techniques in dealing with problems of an econometric nature" [127] . Therefore, econometric models use derived, statistical relationships from past behaviour in order to model future behaviour. Econometric models can either be derived from deterministic or stochastic economics models. Table 6 List of prevalent UK energy systems models, their purposes, structure and coverage (as defined in categories 1-6 in Table 6 ). Table 7 Technological detail of energy models (categories 7-11 from Macro-economic models Macro-economic models focus on the entire economy, taking energy into account only as a sub-part. Specific technical information is not included and the models often require a high level of expertise to use them. Economic Equilibrium Models Economic Equilibrium methodologies focus on very long-term growth paths and are used to study the complete economic system. The energy sector is included within this wider system. Focus is placed on the interrelation between economic sectors. These models are sometimes called resource allocation models. Models can be classified into either general equilibrium (simultaneous equilibrium in all sectors) or partial equilibrium (equilibrium only in parts of the market). Optimisation Models Mathematical optimisation can be used to find a preferred mix of technologies, given certain constraints and can be used in both top-down and bottom-up approaches. An objective function to be minimised is defined and this function can involve cost, fuel usage, emissions or even return on investment (to be maximised). As a powerful technique to identify a (theoretically) least-cost solution, it assumes that realworld decisions are made only on the basis of low cost, which is sometimes not favourable. This method is typically data intense and complex. Simulation Models These models simulate the behaviour of energy producers and consumers in response to prices, income, and other signals. The models describe a logical representation of a system and attempt to reproduce its operation. They can simulate the uptake of technologies better than optimisation models, but simulations often be complex and opaque, due to the requirement of assumptions about behavioural factors. Due to the lack of a full equilibrium solution, models can lead to apparent ''negative" costs. Backcasting Models This methodology identifies desirable future outcomes and uses expert knowledge to define the path (and policies) that will lead to this aspiration. Multi-criteria Models The practice of multi-criteria decision analysis (MCDA) is concerned with the evaluation of a set of possible courses of action or alternatives. Multi-criteria models include a wide set of measures, only some of which are economic. This approach is not widely used in energy systems modelling. Accounting Models These models include descriptions of key performance characteristics of an energy system, which allows users to explore the implications of resource, environment and social cost decisions. Accounting models are often simple and transparent, with no prior assumptions about market behaviour or optimal choices.
Mathematical approach
The mathematical approach defines the underlying programming approach taken in the model. The most common approaches are linear, mixed-integer and dynamic programming. However, newer models are being developed with state-of-the-art development approaches, including fuzzy logic and agent based programming, to name just two of many. It is possible that a single model will incorporate several approaches, in order to achieve the best output.
Data requirements
All energy systems models require some input of data. This field attempts to specify the level of data that is necessary to each model and the aggregation (or lack of) of such data. In specific cases, this field could be used to define the exact data required (specific data sets) and whether the data is internal (already implicit in the code) or external (to be provided by the user). However, for the usage in 
Other classification fields
In order to define a concise classification schema, it is not possible to include all relevant detail about energy models. Decisions have to be made as to whether to include information or not, based on the level of ''added value". In the previous section, we have chosen fields that account for the majority of essential information. In doing so, we have knowingly omitted other pertinent information, that may be just as relevant for other stakeholders. We provide two reasons in way of justification for this decision: (a) additional fields may not be relevant for newly developed models, which have not gained significant entry into the field and (b) the overall schema must be concise if it is to prove useful. The latter justification is necessarily vague: a truncation of fields is always arbitrary, but a protracted schema with too many fields can be confusing and unusable.
Examples of inclusion of additional information incldue Connolly et al. who comment on the availability of models and their downloads [138] and Bhattacharyya et al. who quote the user skill level requirement and level of documentation [137] . The following fields were considered in designing this schema, but have purposefully not been included, though they may be of benefit to policy makers: 
Example: the UK landscape of energy systems models
In order to illustrate use of the classification schema proposed above, we have reviewed a subset of energy systems models, chosen randomly from the wide range of models listed in Table 1 . The aim of this section is to provide a working comparison of models within the defined schema of this paper; the aim is not to include all models utilised in the UK (by academics, industry or policy makers). For this paper, 22 different models have been chosen from across the model landscape. Detail on these models is given in Table 5 . Each model is classified according to the schema presented in Section 4. The information is split into three separate tables, corresponding to the three classification sections: (a) model purpose, (b) technological detail and (c) mathematical detail. These are shown in Tables 6-8.
Conclusions
We have reviewed both academic literature and policy papers in the UK since 2008 covering the topic of energy systems modelling. A review of modelling is undertaken and the predominant features of existing models are evaluated. The main findings are:
Nearly 100 models are referenced within academic literature. Within policy documents, only 14 models were directly mentioned.
The most predominant model is MARKAL and its variants. The full range of available models is not readily utilised in academic research nor policy papers. Side-by-side comparison of models is impeded by lack of clarity in model characteristics.
Since we show that only a select few models are routinely used for energy systems modelling, we recommend the introduction of a classification schema for use within both academia and policy, which would provide a decision support tool for energy systems modelling. The proposed schema contains pertinent information regarding all types of models and is purposefully designed to be inclusive, whilst also remaining concise. The aim of the schema is to promote the full availability of models and their specific applicability.
We propose a classification schema and test it on a subsection of the existing UK energy model landscape, leading to a comparison of 22 models.
In conclusion, we strongly recommend the future use of a classification schema as a decision support tool, in order to extend the current modelling capability in the UK and potentially globally.
